Sphingolipid long-chain base (LCB) kinase catalyses the phosphorylation of sphingolipid LCB to form LCB 1-phosphate. Based on sequence identity to a murine sphingosine kinase (murine S P H K l a ) , we isolated and characterized a LCB kinase-like cDNA in Arabidopsis thaliana. T h e deduced amino acid sequence of the homologous cDNA shows several regions that are highly conserved in LCB kinases from mouse, yeast, human and Caenorhabditis elegans. These regions are not similar to those of other known kinase families. For a functional identification, the homologous cDNA from A. thaliana was expressed in Escherichia coli, and LCB kinase activity was measured. T h e recombinant AtLcbkl protein was found to utilize A T P and sphinganine. These results indicate the first identification of a gene coding for a LCB kinase in plants.
Introduction
Sphingolipids are membrane components in eukaryotic cells and in a few bacteria. It has been reported that sphingolipid-like compounds such as fumonisin B, and Alternaria alternata f.sp. lycopersisci (AAL) toxin induce cell death in plants [l-31. These compounds are potent inhibitors of sphingosine N-acyltransferase (ceramide synthase) in plants, which results in the disruption of sphingolipid metabolism with accumulation of free long-chain bases (LCBs). These findings suggest that changes in cellular levels of sphingoid bases may be linked to cell death. Wang et al. reported that fumonisin B, and AAL toxin induced programmed cell death (apoptosis) in plants Key words: sphinganine kinase. sphinganine-I -phosphate. Abbreviation used: LCB, long-chain base. 'To whom correspondence should be addressed (e-mail imai(u1 konan-u.ac.jp). [3] . On the other hand, LCBs are substrates for LCB kinase that catalyses the phosphorylation of LCBs to form LCB 1 -phosphates [4-61. Thus, we think that cellular levels of LCBs may be controlled by the relative activities between ceramide synthase and LCB kinase. To initially address this question, we isolated and characterized an Arabidopsis cDNA that encodes LCB kinase.
Experimental
Isolation of LCB kinase-like cDNA in Arabidopsis thaliana BLAST searches using murine S P H K l a sequences identified an A. thaliana E S T clone (T21754) which contained sequences homologous to a conserved domain of murine S P H K l a [4] . From the search result, specific primers were used for the PCR amplification of DNA fragments from a I g t 11 cDNA library of A. thaliana.
Determination of LCB kinase activity in Escherichia coli
Total proteins of an extract from E. coli transformed with a plasmid expressing pQE-AtLCBKl were assayed for LCB kinase activity by measuring the production of [14C]sphinganine 1 -phosphate.
Cultures of transformed E. coli were incubated overnight at 25 "C in Luria-Bertani medium. 
Results and discussion
The open reading frame of a full-length cDNA (AtLCBKl) encodes a 763-amino acid protein (with a predicted molecular mass of 83 590 Da) with 27 yo identity and 50 yo similarity to murine S P H K l a at the amino acid level. A comparison of sequences from A . thaliana, mouse, yeast, human and Caenorhabditis elegans reveals the location of several regions of highly conserved amino acids. These regions are not similar to those of other known kinase families. Positively charged motifs, G G K G K in mammals and S G H G R in Arabidopsis, were found, which may be part of the ATPbinding site.
E. coli cells were transformed with an expression vector containing AtLCBKl to determine whether it is responsible for synthesis of LCB phosphates. A significant level of a radiolabelled compound that migrates like sphinganine 1 -phospate was determined (Figure 1, lane 3) . These results suggest the existence of LCB kinase in plants. T h e availability of plant LCB kinase cDNA will make it possible to better characterize the physiological function of LCB and LCB phosphates in plant cells.
